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[NAME OF DOCUMENT] Specification 

[TITLE OF THE INVENTION] Solder Bumps And Method Of 

Producing The Same 

[CLAIMS] 

[Claim 1] 

A solder bumps comprising: 

solder ball bumps formed on electrode pads of a 
semiconductor device and 

a resin filled on a surface of a pad side of the 
semiconductor device so as to surround a side surface of 
the solder ball bumps , 

surfaces of the solder ball bumps projecting out 
from the resin being cleaned by plasma cleaning. 

[Claim 2] 

A solder bumps as set forth in claim 1 , wherein the 
solder ball biomps are first solder ball bumps and second 
solder ball bximps different composition from the first 
solder ball bumps and to be brought into contact with 
solder precoated to a connecting land of a printed 
circuit board is included on the first solder ball bumps 
at least in a vertical direction of the electrode pad. 
[Claim 3] 

A solder bumps as set forth in claim 2 , wherein the 
first solder ball bumps are comprised of high melting 
point solder and the second solder ball blimps are 
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comprised of eutectic solder. 
[Claim 4] 

A meiihod of producing solder bumps comprising: 

a first: S'tep of forming solder ball bumps on 
5 electric pads of a semiconductor device; 

a second step of filling a resin on a surface of 
the electrode pad side of the semiconductor device so as 
i:o surround a side surface of the solder ball bumps ; and 

a third step of cleaning surfaces of the solder 
10 ball bumps projecting out from the resin by plasma 

cleaning . 

[Claim 5] 

A method of producing solder bumps as set forth In 
claim 4 , wherein the plasma cleaning In the third step Is 
15 at least sputter etching by discharge plasma of an Inert 

gas . 

[Claim 6] 

A method of producing solder bumps as set forth In 
claim 4f wherein the plasma cleaning In the third step Is 
20 at least oxygen plasma treatment and then sputter etching 

by discharge plasma of an Inert gas. 
[Claim 7] 

A method of producing solder btomps as set forth In 
claim 4, wherein the plasma cleaning In the third step Is 
25 at least oxygen plasma treatment and then sputter etching 
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by discharge plasma of a reducing gas . 
[Claim 8] 

A me-bhod of producing solder bumps as set: for-bh In 
claim 4, af-ter the third step, further comprises a fourth 
5 step of forming second solder ball bximps , which Is 

different In composition from the first solder ball bumps 
and to be brought Into contact with solder precoated to a 
connecting land of a printed circuit board, on the 
surfaces of the first solder ball bumps serving as the 
10 solder ball bumps at least In a vertical direction of the 

electrode pad. 

[Claim 9] 

A method of producing solder bumps as set forth In 
claim 8, wherein the first solder ball bumps are 
15 comprised of high melting point solder and the second 

solder ball b\3mps are comprised of eutectlc solder . 
[Claim 10] 

A method of producing solder bumps as set forth In 
claim 4 , wherein the respective steps up to at least the 
20 third step Is performed to a semiconductor device formed 

on a semiconductor substrate In a semiconductor wafer 
state . 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

25 [Technical Field of the Invention] 



The present invention relates to solder bumps 
formed on a connecting terminal portion of a 
semiconductor substrate to mount a semiconductor IC or 
other semiconductor device and a method of producing the 
same . 

[0002] 
[Prior Art] 

In recent years , digital video cameras , digital 
cellular phones, notebook- type personal computers, and 
other portable electronic equipment have spread widely. 
There are mounting demands for reducing the size, 
reducing the thickness, and reducing the weight of these 
portable electronic equipment . 

[0003] 

To realize this reduction in size, reduction in 
thickness, and reduction in weight of portable electronic 
equipment, the most important issue is the improvement of 
the mounting density of the components . 

In particular, even in semiconductor ICs and other 
semiconductor devices , high density mounting technology 
using flip-chip-type semiconductor devices instead of the 
package-type semiconductor devices of the related art is 
being developed and put into practical use . 

[0004] 

One of the mounting methods for mounting such a 



flip-chip type semiconductor device (flip-chip mounting) 
is the method of forming, for example, solder ball bumps 
on electrode pads comprised of aluminum (Al) etc. of a 
semiconductor XC and bringing the connection terminals of 
a chip in the semiconductor IC into contact with the 
solder ball bumps to directly mount the IC chip on a 
printed circuit board. 

Here, as the method of forming the solder ball 
bumps , there is known the method of using electrolytic 
plating. In this case, there is the disadvantage that the 
thickness of the solder formed by electrolytic plating is 
affected by the surface conditions of the layer of 
material forming the underlayer of the bumps or the 
slight variation in the electrical resistance and that 
the formation of uniform solder ball bumps of the same 
height in an IC chip is extremely difficult. 
[0005] 

On the other hand, as the method of forming the 
solder ball bumps of suppressing a variation of a height 
of the solder ball bumps, there is a method of using a 
pattern formation applying a film formation by vacuum 
deposition and lift-off of a photo resist film. 

This method is performed, for example, as shown in 
FIG. 4. 

[0006] 



First, as shown in FIG. 4(a), flip-chip type 
semiconductor XC 1 has an electrode portion la formed as 
below . 

Namely, the electrode portion la has electrode pads 
3 comprised of an aluminum (Al) and copper (Cu) alloy etc 
being formed by patterning on a semiconductor wafer 2 of 
silicon etc. and then by etching, a surface protective 
film 4 comprised of, for example, a silicon nitride film 
or polyimide layer etc. being formed on top of the 
electrode pads 3 so as to cover the entire surface of 
the semiconductor substrate 2, an aperture 4a formed in a 
region of the electrode pads 3 of the surface protective 
film 4, and a metal stacked film, namely, BLM (ball 
limiting metal) film 5, comprised of, for example, chrome 
copper, and gold and formed by the sputtering method so 
as to cover the surface of the electrode pads 3 exposed 
at a side surface and a bottom portion of the aperture 4a 

[0007] 

To form solder ball bumps in the electrode portion 
la of the semiconductor XC having this configuration, as 
shown in FX6. 4(b), a resist film 6 having an aperture 6a 
is formed at a region in the BLM film 5 . 

Then, as shown in FXG. 4(c), solder deposition 
films 7 are formed on the resist film 6 over the entire 
surface of the semiconductor substrate 2 . 



Then, as shown in FIG. 4(d), unnecessary portion of 
the solder deposition films 7 are removed by removing the 
resist film R2 by lift-off to form the solder deposition 
layers having a desired pattern . 

Finally, as shown in FIG. 4(e), heat treatment is 
performed to make solder of the solder deposition films 7 
melt to thereby form solder ball bumps 7a having 
spherically shaped due to the surface tension . 

[0008] 

Here, in general, the solder ball bumps 7a are 
formed in the semiconductor wafer state (that is, the 
state before being cut into individual semiconductor 
chips) of the semiconductor IC 1. 

The semiconductor IC 1 formed with the solder ball 
blimps 7a in the electrode portion la in this way is cut 
by dicing etc. into individual chip-shaped semiconductor 
IC 1 from the wafer-shaped semiconductor substrate 2, 
then, as shown in FIG. 5, the solder ball bumps 7a in 
each of the semiconductor IC 1 are made to abut against 
the lands 8 comprised of Cu etc, serving as connecting 
points f ojcmed on the printed circuit board 8 . 

Here, the printed circuit board 8 is covered by a 
solder resist 8b over its entire front surface except for 
the lands 8a and is precoated by a eutectic solder layer 
8c over the areas of the lands 8a. 
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Therefore, using a reflow stiep, the eutectic solder 
8c Is melted and the melted eutectic solder enters 
between the solder ball bumps 7a and lands 8a. By cooling 
and hardening it, the solder ball bumps 7a are soldered 
and electrically connected to the lands 8a. 

[0009] 

On the other hand, the joint by the solder bumps of 
the solder ball bumps 7a and the land 8a suffers a 
thenaal stress In changing temperature of the surround 
due to the differences In the coefficients of heat 
expansion of the semiconductor substrate 2 and the 
printed circuit board 8 In the semiconductor IC 1 . 

Namely, while the coefficient of heat expansion of 
silicon comprised of the semiconductor substrate 2 Is 3.4 
ppm/^C, the coefficient of heat expansion of the glass 
epoxy-based mounting board generally widely used as the 
printed circuit substrate 8 Is a large about 15 ppm/^'C. 
Therefore, when thermal stress Is repeatedly applied to 
bump joints of the solder ball bump 7a and the land 8a by 
the temperature difference caused by the on/off operation 
of the semiconductor IC 1 , cracks are caused In the 
joints, electrically connection Is cut and breakage or 
malfunctions are caused In some cases, namely, there Is 
disadvantages In the reliability of the solder joints. 
[0010] 



To suppress the breakage of the solder joints due 
to the thermal stress, as shown in FIG. 5, the method is 
generally adopted of injecting a sealing resin 9 between 
the semiconductor IC 1 and the printed circuit board 8 
and relieving the thermal stress applied to the bump 
joints by having the stress of heat expansion received by 
the sealing resin 9 as a whole to improve strength 
against to the thermal stress . 

[0011] 

[Problem to be Solved by the Invention] 
In the configuration used with the sealing resin 9 
described above, however, since the semiconductor IC 1 is 
integrally secured by a sealing resin in the printed 
circuit board 8 , when a defect occurs in the 
semiconductor IC 1 , the only method was to replace 
discard the entire printed circuit board 8 on which that 
semiconductor IC 1 was mounted and discard a defective 
component or apply a chemical or mechanical external 
force to forcibly tear the semiconductor IC 1 from 
printed circuit board 8 . 
[0012] 

Here, the replacement of the entire printed circuit 
board 8 of the former case has the disadvantage of the 
cost ending up higher , while the forcibly tearing off of 
the semiconductor IC 1 of the latter case ends up 
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damaging the printed circuit board 8 . 

Therefore, the work of replacing a defective 
component in the case of a defect occurring in a 
semiconductor IC 1, that is, the so-called rework, is 
difficult. This has become one factor behind the failure 
of flip-chip mounting from spreading widely. 

Further, along with the reduction of pitch 
accompanying the reduction of size of semiconductor 
devices, at the time of injection of the sealing resin 9, 
the circulation of the sealing resin 9 becomes poor and 
full injection of the sealing resin 9 can no longer be 
achieved, so there is also the disadvantage that the 
thermal stress cannot be sufficiently relieved. 

[0013] 

An object of the present invention is to provide 
solder bumps and a method of producing the same which 
enable the thermal stress between a semiconductor device 
and a printed circuit board to be reliably relieved 
without the use of a sealing resin and further which can 
reduce the connection resistance and can increase the 
strength of the joint portions. 
[0014] 

[Means for Solving the Problem] 

The above object, according to claim 1 of the 
present invention, is achieved by solder bumaps having 
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solder ball bumps formed on electrode pads of a 
semlconducbor device and a resin filled on a surface of 
the pad side of the semiconductor device so as to 
surround a side surface of the solder ball bumps , 
surfaces of the solder ball bumps projecting out from the 
resin being cleaned by plasma cleaning. 
[0015] 

Further, claim 2 of the present invention is 
characterized in that the solder ball bumps are first 
solder ball bounps and the second solder ball bumps 
different composition from the first solder ball bumps 
and to be brought into contact with solder precoated to a 
connecting land of a printed circuit board is included on 
the first solder ball bumps at least in a vertical 
direction of the electrode pad. 

[0016] 

The above object, according an configuration of 
claim 4, is achieved by a method of producing solder 
bumps having: a first step of forming solder ball bumps 
on an electric pad of a semiconductor device; a second 
step of filling a resin on a surface of said pad side of 
said semiconductor device so as to surround a side 
surface of said solder ball bumps ; and a third step of 
cleaning the surfaces of said solder ball bumps 
projecting out from the resin by plasma cleaning. 
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[0017] 

According to the configuration of claims 1 or 4, 
the areas around the bases of the relatively weak 
strength solder ball bumps, namely, the areas around the 
first solder ball bumps, are reinforced by a resin. So 
the thermal stress is relieved by this resin. 

Further, since the resin film is filled before the 
semiconductor device is mounted on the printed circuit 
board, so there is no need to inject the sealing resin 
between the printed circuit board and the semiconductor 
device after mounting the semiconductor device and 
therefore the productivity is improved. As a result, the 
resin is not contact to the printed circuit board, it 
becomes possible to easily remove the semiconductor 
device from the printed circuit board even if a defect 
occurs in a semiconductor device after mounting. 
[0018] 

Further, according to the configuration of claim 2, 
the exposed surfaces of the first solder ball bumps 
projecting out from the resin film are cleaned by plasma 
cleaning. Therefore, the connection resistance is reduced 
and the joint strength increased when joining the first 
solder ball bumps to the lands of the printed circuit 
board or to the second solder ball bximps . 

As a result, the thermal stress is relieved when 
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moun-blng the semlconducbor device to the printed circuit 
board, the electrical characteristics are improved and 
the joint strength is increased when the semiconductor 
device is mounted to the printed circuit board, and 
thereby mounting defects are reduced to a large extent. 
[0019] 

Further, according to the configuration of claim 5, 
when the plasma cleaning in the third step is at least 
sputter etching by a discharge plasma of an inert gas , by 
performing the sputter etching by RF discharge plasma 
using for example Ar or another inert gas , the resin 
remaining on the surfaces of the first solder ball bumps 
is removed by the sputtering and clean surfaces of the 
first solder ball bumps are exposed. Further, physical 
ion irradiation is used to chemically activate the 
surface layers . 

As a result, the surfaces of the first solder ball 
bumps are cleaned, the connection resistance at the time 
of joining them is reduced, and the joint strength is 
increased, so the electrical characteristics when 
mounting a semiconductor device are improved. 
[0020] 

According to the configuration of claim 6, when the 
plasma cleaning in the third step is at least oxygen 
plasma treatment and sputter etching by discharge plasma 
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of an inert gas, first oxygen plasma is used to burn off 
the resin remaining on the surfaces of the first solder 
ball bumps by a reaction system comprised mainly of a 
combustion reaction of the organic matter mainly 
comprising the resin and then using RF discharge plasma 
using Ar or another inert gas for sputter etching and 
removal of the resin remaining on the surfaces of the 
first solder ball bumps by sputtering. 
[0021] 

In this case, compared with cleaning by only 
discharge plasma of an inert gas, two-stage plasma 
cleaning enables the residual resin to be effectively 
removed by use of a chemical reaction (combustion 
reaction) . 

Further, the slight oxide films formed on the 
surfaces of the first solder ball b\imps during the 
cleaning by the oxygen plasma treatment are removed by 
the Ar ions by sputtering. 

As a result, the surfaces of the first solder ball 
bTimps are cleaned more, the connection resistance at the 
time of joining is reduced more and the joint strength is 
increased more . 
[0022] 

Further, according to the configuration of claim 7, 
when the plasma cleaning treatment in the third step is 
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at least: oxygen plasma -treatment: and then sputter etching 
by discharge plasma of a reducing gas, first oxygen 
plasma Is used to burn off the resin remaining on the 
surfaces of the first solder ball bumps, then HF or 
another reducing gas Is used for sputter etching to more 
thoroughly remove the resin remaining on the surfaces of 
the first solder ball bumps . 
[0023] 

As a result, the surfaces of the first solder ball 
bumps are cleaned more, the connection resistance at the 
time of joining Is reduced more, and the joint strength 
Is Increased more. Compared with the case of plasma 
cleaning by only discharge plasma of an Inert gas or by 
discharge plasma by oxygen plasma and Inert gas, the 
electrical characteristics at the time of mounting of the 
semiconductor device are Improved more. 
[0024] 

According to claim 8, after the third step, when 
the forth step of forming the second solder ball bumps, 
which are: preferably comprised of eutectlc solder; 
different In composition from the first solder ball biomps 
preferably comprised of high melting solder; and brought 
Into contact with eutectlc solder precoated to a 
connecting land of a printed circuit board, on the 
surfaces of the first solder ball bximps at least In a 



16 

vertical direction of the electrode pad is included, a 
portion to be core of the solder bumps is formed by the 
first solder ball bumps comprised of a highly elastic 
high melting point solder, so the thermal stress is 
relieved by the elastic deformation of the above high 
melting point solder even if the thermal stress occurs 
caused by the difference in coefficients of heat 
expansion between a silicon chip constituting the 
semiconductor sxibstrate of the semiconductor device and 
the printed circuit board. 
[0025] 

Further, according to the configuration of claim 9 
a portion to be brought into contact with a eutectic 
solder precoated to a connection lands of the printed 
circuit board is formed by the second solder ball bumps 
of a eutectic solder, the wettability with the eutectic 
solder precoated on the connection lands becomes 
excellent and reliable joining by soldering is achieved. 

Further, since the surfaces of the first solder 
ball blimps are cleaned by the plasma cleaning, the 
connection resistance is reduced and the joint strength 
is increased at the joint portions of the first and 
second solder ball bumps . 

Therefore, in the mounting a semiconductor device 
on the printed circuit board, the thermal stress is 
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relieved, the connection resistance is reduced and joint 
strength increased, whereby mounting defects are greatly 
reduced and the reliability of the joint portions by the 
metal bumps is improved. 
[0026] 

According to the configuration of claim 10, since 
the formation of the first solder ball bumps and the 
filling of the resin film and the plasma cleaning and, in 
some cases , the formation of the second solder ball bumps 
are performed on a semiconductor wafer when at least 
three steps up to the third step are performed on a 
semiconductor device formed on a semiconductor substrate 
in the semiconductor wafer state, there is no need to 
perform this work on the individual semiconductor devices, 
it is possible to perform this work on a large number of 
semiconductor devices at one time, and the productivity 
is improved more . 
[0027] 

[Embodiments of the Invention] 
Below, preferred embodiments of the present 

invention will be explained in detail with reference to 

FIG. 1 to FIG. 3. 

Note that, the embodiments given below are 

preferred specific examples of the present invention, so 

technically preferable limitations are applied to them. 
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but the scope of the present invention is not limited to 
these embodiments so long as there is no particular 
express limitation of the present invention in the 
following description . 
[0028] 

FIG. 1 shows an embodiment of a method of producing 
a solder bumps according to the present invention . 

In FIG. 1(a), a semiconductor wafer 10 is formed 
and arranged with a plurality of flip-chip type 
semiconductor ICs 11 . 

The flip-chip type semiconductor IC 11 has, as 
shown in FIG. 1(a), two electrode portions 11a, and the 
respective electrode portion 11a is formed by the 
following. 

Namely, as shown in FIG. 1(a), the electrode 
portion 11a is provided with an electrode pad 13 
comprised of an aluminum and copper alloy etc . formed by 
patterning and etching etc. on a semiconductor substrate 
12 of silicon etc., a surface protective film 14 
comprised of a silicon nitride layer or polyimide layer 
etc. formed on top of the electrode pad 13 so as to cover 
the entire surface of the semiconductor substrate 12 , an 
aperture 14a formed in a region of the electrode pad 13 
of the surface protective film 14, a metal-stacked film, 
for example, of chrome, copper, and gold etc. , namely, 
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BliM film 15 , formed by spattering so as to cover the 
surface of the electrode pad 13 exposed at a side surface 
and a bottom portion of the aperture 14a, and a polyimide 
film 16 formed on the entire surface thereof so as to 
have the aperture 16a in the region of the BIiM film 15. 
[0029] 

In the respective electrode portion 11a of the 
semiconductor XCs 11 in the semiconductor wafer 10 having 
this configuration, first, in the same way as the solder 
ball btimp 7a shown in FIG. 4, the spherically shaped 
first solder ball bump 20 comprised of high melting 
solder is formed. 

The first solder ball bumps 20 are formed on the 
BIiM film 15 exposed from the aperture 16a of the 
polyimide film 16. 

Here, the high melting point solder is comprised of 
for example 97 percent or so of Pb and 3 percent or so of 
Sn. It has a high melting point and a relatively high 
elasticity . 

Then, an epoxy-based etc. resin 21 is coated by a 
spin coat etc. on the entire surface of the semiconductor 
wafer 10 to surround the first solder ball bumps 20, 
namely, to expose the surface in the vicinity of an upper 
edge in the drawings, then the coated resin is heat 
treated by curing at about 150 ^^C for about 5 hours to 
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cure "the resxn 21. 

At this state, on the surface of exposing the first 
solder ball bumps 20, the resin 21a is slightly and 
forcibly remained. 

[0030] 

Then, as shown in FIG. 18(b), the surface of the 
first solder ball bumps 20 projecting out from the resin 
21 is treated by plasma cleaning. 

Here, the plasma cleaning is performed as explained 
later by the plasma treatment device shown in FIG. 2 or 
FIG. 3 for example. Therefore, the surfaces of the first 
solder ball bumps 20 are sputter etched and the resin 21a 
remaining at the surfaces are removed. 
[0031] 

Then, the eutectic solder film pattern is formed by 
screen printing method on the top portion of the first 
solder ball bumps 20. 

Note that, the above eutectic solder is comprised 
of for example 40 percent or so of Pb and 60 percent or 
so of Sn . Compared with the above-mentioned high melting 
point solder, it has a low melting point of, for example, 
not more than 200° C. 

Heat treatment is applied at a temperature in a 
range where only the eutectic solder melts and the high 
melting point solder does not melt (for example, 200 °C to 
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250 **C) , whereby the above eutectic solder film pattern 
melts and, as shown in FIG. 1(c), forms balls and hardens 
by the surface tension to form the second solder ball 
bump 22 and join with the first solder ball bumps 20. 

As a result, solder bumps 23 of a stacked structure 
of the first solder ball bumps 20 and the second solder 
ball bump 22 are formed. 

Here, the wafer shaped semiconductor sTibstrate 12 
is cut off by dicing to form the semiconductor ICs 11. 
[0032] 

The semiconductor IC 11 produced by the present 
embodiment is mounted on the printed circuit board 30 as 
mentioned below. 

Namely, as shown in FIG. 1(d), in the flip-chip 
type semiconductor IC 11, the solder bumps 23 are opposed 
to lands 31 comprised of Cu etc. as contact portions 
formed on the printed circuit board 30 . 

Here, in the printed circuit board 30, the surface 
except the lands 31 is covered by the solder resist 32 
and the region of the land 31 is precoated with the 
eutectic solder film 33 . 
[0033] 

By approaching the semiconductor IC 11 to the 
printed circuit board 30, the solder bumps 23 are brought 
into contact with the corresponding lands 31 . And by a 
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ref lowing process, the eutectic solder £llm of the second 
solder ball bumps 22 and the eutectic solder film 33 
precoated on the land 31 of the printed circuit board 30 
are melted and jointed each other. 

In this way, the flip-chip type semiconductor IC 11 
is mounted with flip-chip on the printed circuit board 30 . 

[0034] 

In this case, since the second solder ball bumps 22 
is formed by a eutectic solder film, the wettability of 
the second solder ball bumps 22 and the eutectic solder 
film 33 prepared on the lands 31 is excellent. Therefore, 
the second solder ball bumps 22 and the lands 31 join 
strongly with each other due to their close affinity, so 
the soldering is reliable . 

[0035] 

Further, the first solder ball bvimps 20 are secured 
and held by the resin 21. Even if thermal stress occurs 
between the semiconductor substrate 12 and the printed 
circuit board 30 due to changes in temperature of the 
surroundings after mounting, since the solder bumps 23 
are secured by the resin 21 and the first solder ball 
bumps 20 have elasticity, the resin 21 as a whole 
receives the thermal stress and the first solder ball 
bximps 20 elastically deform so the thermal stress is 
relieved. As a result, brealcage of the joint portions of 
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t:he solder bumps 23 due "to t:hennal st:ress is prevent^ed 
and the reliability of the solder bumps is improved. 
[0036] 

Further, since the resin 21 is filled on the 
surface of the electrode pad 13 side of the semiconductor 
IC 11 before mounting on the printed circuit board 30, 
the resin 21 never contacts the surface of the printed 
circuit board 30. Therefore, there is no need to inject 
resin 21 between the semiconductor IC 11 and the printed 
circuit board 30 as in the past, so even when reducing 
the pitch of semiconductor IC 11, since the resin 21 
reliably covers the entire surface of the semiconductor 
IC 11, the thermal stress is reliably relieved and the 
durability with respect to thermal stress is improved. 
[0037] 

Further, the first solder ball bumps 20 are 
surrounded by the resin 21, then the exposed surfaces 
projecting out from the resin 21 are cleaned by plasma 
cleaning. Further, the second solder ball bumps 22 is 
formed on the cleaned surfaces, so the connection 
resistance at the interface of the first solder ball 
bxomps 20 and the second solder ball blimps 22 is reduced 
and the joint strength is increased. Therefore, solder 
bumps 23 are comprised with lower resistances and higher 
joint strengths and the occurrence of mounting defects is 
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reduced more . 

Therefore, according to the present embodiment, the 
electrical characteristics and the bonding strength at 
the interfaces are improved, whereby the reliability and 
durability of the semiconductor IC 11 and the various 
equipment in which it is installed are greatly improved. 

[0038] 

Here, the above-mentioned plasma cleaning will be 
explained is performed as shown below for example . 

First, in a first embodiment of the plasma cleaning, 
the plasma treatment device shown in FIG, 2 is used for 
plasma cleaning by a discharge plasma of an inert gas , 
for example , argon gas . 

In FIG. 2, the plasma treatment device 40 is a so- 
called triode type RF plasma treatment device comprised 
of a sealed plasma treatment chaiDber 41 , a anode plate 42 
provided at the top inside the plasma treatment chamber 
41, a stage 43 serving as a cathode plate provided at the 
bottom, a lattice electrode 44 provided between the anode 
plate 42 and the stage 43, a plasma generation power 
source 46 connected via the connecting condenser 45 to 
the cathode plate 42 , and a substrate bias power source 
48 connected via the connecting condenser 47 to the stage 
43. 

[0039] 
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According to the plasma treatment device 40 of this 
configuration, a treated substrate , that is, the 
semiconductor wafer 10, is placed on the stage 43, a bias 
voltage is applied between the stage 43 and lattice 
electrode 44 by the substrate bias power source 48 in the 
state with, for example, an argon gas introduced inside 
as an inert gas , and the plasma generation power source 
46 is used to apply a plasma source power between the 
anode plate 42 and the lattice electrode 44 . 

Therefore, a discharge plasma 49 of argon gas is 
produced between the anode plate 42 and the lattice 
electrode 44, and argon ions Ar"^ fly out from the anode 
plate 42 toward the lattice electrode 44, pass through 
the lattice electrode 44, and strike the semiconductor 
wafer 10 on the stage 42. Therefore, dues to the 
sputtering action, the surface of the semiconductor wafer 
10, that is, the surface of the resin 21 and the 
projecting surfaces of the first solder ball bumps 20 are 
etched, whereby the resin 21a remaining on the surfaces 
of the first solder ball bumps 20 is removed. 
[0040] 

In this case, the operating conditions of the above 
plasma treatment device 40 are set as shown below for 
example . That is , 

Flow rate of argon gas: 25 seem 
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Temper at:ure of stage 43: Room "bemperature 
Plasma source power: 700W (2 MHZ) 
S\ibstrate bias voltage: 350V (13.56 MHZ) 
Treatment time: 120 seconds 

When the plasma cleaning of the semiconductor wafer 
10 was performed by these operating conditions, due to 
the sputtering action of the Ar"^ ions, the resin 21a 
remaining on the surfaces of the first solder ball bumps 
20 was effectively removed and the surfaces of the first 
solder ball bumps 20 were cleaned. 
[0041] 

Next, in the second embodiment of the plasma 
cleaning, the plasma treatment device shown in FIG. 3 was 
used for oxygen plasma treatment, then discharge plasma 
of a reducing gas was used for plasma cleaning. 

In FIG. 3, the plasma treatment device 50 is an ICP 
(Inductively Coupled Plasma) high density plasma 
treatment device of a known configuration comprised of a 
sealed plasma treatment chamber 51, an anode plate 52 
provided at the top inside the plasma treatment chamber 
51 , a vertically movable stage 53 serving as a cathode 
plate provided at the bottom, an inductively coupled coil 
54 provided around the plasma treatment chamber 51, a 
substrate bias power source 56 connected through a 
coupling capacitor 55 to the stage 53, and an ICP power 
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source 57 connecbed to the inductively coupled coil 54 . 
[0042] 

According to the plasma treatment device 50 of this 
configuration, a treated substrate, that is, the 
5 semiconductor wafer 10, is placed on the stage 53, a bias 

voltage is applied between the stage 53 and anode plate 
52 by the substrate bias power source 56 in the state 
with oxygen gas introduced inside, and a high frequency 
induction field is produced inside the plasma treatment 
10 chamber 51 . 

Therefore, the electrons inside the plasma 
treatment chamber 51 are accelerated, a high density 
oxygen plasma 58 is produced, and oxygen ions strike the 
semiconductor wafer 10 on the stage 52. Therefore, due to 
15 the plasma ashing action, the surface of the 

semiconductor wafer 10, that is, the surface of the resin 
21 and the projecting surfaces of the first solder ball 
bumps 20, are etched, whereby the resin 21a remaining on 
the surfaces of the first solder ball bumps 20 are 
20 removed . 

[0043] 

In this case, the operating conditions of the above 
plasma treatment device 50 are set as shown below for 
example. That is, 
25 Flow rate of oxygen gas: 50 seem 
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Pressure : 0.3 Pa 

Tempera-ture of s-bage 53: 90 °C 

Power of ICP power source: lOOOW (450 kHz) 

Substrate bias voltage: lOOV (13.56 MHZ) 

Treatment time: 20 seconds 

When the plasma cleaning of the semiconductor wafer 
10 was perfozrmed by these operating conditions, due to 
the ashing action of the oxygen plasma, the resin 21a 
remaining on the surfaces of the first solder ball bvmips 
20 was effectively removed. 

Note that, in this case, the surfaces of the first 
solder ball bumps 20 are slightly oxidized by the oxygen 
plasma and an oxide film is formed. 

[0044] 

Then, plasma etching is performed by reducing gas 
to remove the oxide film of the surface of the first 
solder ball bumps 20. 

This reducing gas plasma etching is performed in 
the above plasma treatment device 50 by changing the 
settings of the operating conditions , introducing a mixed 
gas of, for example, hydrof luoride (HF) gas as the 
reducing gas and, for example, argon gas as the inert gas 
inside the plasma treatment chamber 51, and etching the 
surfaces of the first solder ball bumps 20 by the plasma 
etching action of the reducing gas . 
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[0045] 

In -bhis case, the operating condx-tlons of the above 
plasma treatment device 50 are set as shown below for 
example . That ±s , 

Flow rate of HF gas : 25 seem 

Flow rate of argon gas: 25 seem 

Pressure: 0.13 Pa 

Temperature of stage 53: 90 ""C 

Power of ICP power source: lOOOW (450 kHz) 

Substrate bias voltage: 250V (13.56 MHZ) 

Treatment time: 20 seconds 

When the plasma cleaning of the semiconductor wafer 
10 is performed by these operating conditions, the oxide 
film formed on the surfaces of the first solder ball 
bumps 20 is reduced by the reaction with the HF gas and 
the sputtering action of the Ar"*^ ions causes sputter 
removal and cleans the surfaces of the first solder ball 
bumps 20. 

[0046] 

In this ease, a high density plasma generation 
source is used by the plasma treatment device 50 and 
treatment in a low pressure atmosphere is enabled by this . 
As a result, the ion species produced in large quantities 
strike the surface of the semiconductor wafer 10 
stibstantially perpendicularly without scattering and the 
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et:ching by the sputtering by Irradiation of Ar"*" Ions Is 
perfonaed at a high speed with good efficiency. 

Therefore, even If the substrate bias voltage Is 
set low so as to reduce the damage caused by the plasma 
cleaning of the semiconductor IC 11, the time required 
for the plasma cleaning of the surfaces of the first 
solder ball bumps 20 Is shortened without a reduction In 
the etching rate . 

[0047] 

Therefore, the resin 21a remaining on the surfaces 
of the first solder ball bumps 20 are more effectively 
removed by the plasma ashing by the oxygen plasma and the 
plasma etching by the reducing gas and the surfaces are 
cleaned more . 

[0048] 

In the above embodiments, the first solder ball 
bumps 20 are covered by a film by vacuum evaporation and 
a pattern Is formed by lift-off of the photoresist, but 
the invention is not limited to this. It is clear that 
electroplating etc. may also be used to form it. 
[0049] 

Further, in the above embodiments, hydrof luorlde 
gas HF was used as the reducing gas, but the invention is 
not limited to this. For example, it is clear that it is 
also possible to use for example hydrogen gas H2 or 
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hydrochloride gas HCl or anotiher reducing gas. 

Here, when using a liquid form of HF or HCl etc., 
for example bubbling using helium He or anotiher carrier 
gas, heat:ing aeraiiion, uli:rasonic aerat:ion, or ancther 
sui-table means is used -bo int:roduce it: iniio t:he plasma 
-treatment: chamber 41, 51. 

[0050] 

Furt:her, in the above embodiments, a triode-type RF 
plasma treatment device 40 or ICP high density plasma 
treatment device 50 was used for the plasma cleaning of 
the surfaces of the first solder ball boomps 20, but the 
invention is not limited to this. For example, it is 
clear that it is also possible to use a parallel plate 
type RF plasma treatment device or a so-called TCP, ECR, 
helicon wave plasma, or other type of high density plasma 
treatment device . 

[0051] 

Further, in the above embodiment, the explanation 
was given of the case of forming solder bumps 23 with 
respect to the electrode pads 13 of the semiconductor IC 
11, but the invention is not: limited to this. It is clear 
that the present invention may also be applied to the 
case of forming solder bumps with respect to other types 
of semiconductor devices . 
[0052] 
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[Effect of the Invention] 

As mentioned above, according to the present 
invention, it is to provide solder bumps and a method of 
forming the same which enable the thezrmal stress between 
a semiconductor device and a printed circuit board to be 
reliably relieved without the use of a sealing resin and 
further which can reduce the connection resistance and 
can increase the strength of the joint portions. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[FIG. 1] FIG. 1 are schematic cross-sectional views 
of production steps of an embodiment of a method of 
forming a solder bumps according to the present invention 
successively. 

[FIG. 2] FIG. 2 is a schematic cross-sectional view 
showing a first example of a configuration of a plasma 
treatment device for plasma cleaning in a production 
process of FIG. 1. 

[FIG. 3] FIG. 3 is a schematic cross-sectional view 
showing a second example of a configuration of a plasma 
treatment device for plasma cleaning in the production 
process of FIG. 1. 

[FIG. 4] FIG. 4 are cross-sectional views of steps 
of an example of a conventional method of producing a 
solder bumps . 

[FIG. 5] FIG . 5 is a schematic cross-sectional view 
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showing a mounting state of a flip-chip type 
semiconductor IC on a printed circuit board by using 
solder bumps produced by the method of producing the 
solder bumps in FIG. 4. 

[Description of References] 

10 ... semiconductor wafer; 11 ... semiconductor IC; 
12. . .semiconductor substrate; 13. . .electrode pads; 
14. . .surface protective film; 15. . .BIjM film; 
16 . . -polyimide film; 20... first solder ball bumps (high 
melting point solder) ; 21 . . .resin; 22 . . . second solder 
ball bumps (eutectic solder); 23... solder bvimps ; 
30. . .printed circuit board; 31. - -lands; 32. . .solder 
resist; 33 .. .eutectic solder film; 40... plasma treatment 
device (triode-type RF plasma treatment device) ; 41, 
51... plasma treatment chamber; 42, 52... anode electrode; 
43, 53... stage (cathode electrode); 44... lattice 
electrode; 45, 47, 55 ... coupling capacitor; 46... plasma 
generation power source; 48, 56 ... substrate bias power 
source; 49 ... discharge plasma; 50... plasma treatment 
device (ICP high density plasma treatment device) ; 
54. . .inductively coupled coil; 57. . .ICP power source; 
58. . . .high density plasma. 
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[NAME OF DOCUMENT] Abstract 
[ABSTRACT] 

[PROBLEM] To provide solder bumps and a method of 
producing the same which enable the thermal stress 
between a semiconductor device and a printed circuit 
board to be reliably relieved without the use of a 
sealing resin and further which can reduce the connection 
resistance and can increase the strength of the joint 
portions . 

[MEANS FOR SOLUTION] A solder bumps 23 includes: first 
solder ball bumps 20 formed on electrode pads 13 of a 
semiconductor device 11; and a resin 21 filled on a 
surface of a pad side of the semiconductor device so as 
to surround a side surface of the first solder ball bumps 
20, the surfaces of the first solder ball bumps 
projecting out from the resin being cleaned by plasma 
cleaning . 

[SELECTED DRAWING] FIG, 1 



